Kunming basin is a Cenozoic faulted basin under the control of mainly SN-trending active faults. In and around the basin, there are a total of eight major active faults. Seismo-geological survey and fault slip observation show that the SN-and NE-trending active faults are mostly sinistral strike-slip faults, while the NW-trending faults are mostly dextral strike-slip faults. Using stress tensor inversion method with 706 active fault striation data at 22 measurement sites, we determined tectonic stress field of the study area. The result shows that modern tectonic stress field in and around Kunming basin is characterized by NNW-SSE compression, ENE-WSW extension, and strike-slip stress regimes. The maximum principal compressional stress (σ 1 ) is oriented 335º~2º, with an average dip angle of 21°; the minimum (σ 3 ) is oriented 44º~93º, with an average dip angle of 14°, and the intermediate (σ 2 ) has a high, or nearly vertical, dip angle. The inversion result from fault slip data is consistent with the result from focal mechanism solutions.
Introduction
Kunming basin, along with its surrounding areas, is located on the southern section of China's north-south seismic zone and the southeastern margin of Sichuan-Yunnan block. It is one of the areas where modern tectonic movements are relatively strong. Under ambient plate action, the crustal stress environment is very complicated and earthquakes have occurred frequently in this area. The study of fault movement and modern tectonic stress field in this area is of great scientific significance to probing into moderate and strong seismic activities and earthquake prediction research.
Previous researches for the estimation of ages and patterns of fault activities, based on structural geology, geomorphology, chronostratigraphy, satellite imagery and paleoearthquake study, show that the study area is dominated by sinistral strike-slip faults (HE et al, 1993; SHEN et al, 1997; JIANG et al, 2003a; YU et al, 2004; QIAO et al, 2004) , and results from focal mechanism solutions show that the principal compressional stress of the study area is oriented predominantly NNW-SSE (JIANG et al, 2003b; WANG et al, 2005) . These researches have laid a solid foundation for subsequent study on the dynamics of active structures.
Numerous studies on the tectonic stress fields of Sichuan and Yunnan provinces have been conducted by means of stress tensor inversion with fault slip data (XIE et al, 1993 (XIE et al, , 1994 (XIE et al, , 2001 ), but few were focused on eastern Yunnan. The vast amount of active fault and sliding structure data of the study area are valuable scientific resources containing dynamic information of the Sichuan-Yunnan block. Based on the previous results of other people, we acquired in this study the striation data of a number of active faults, and by means of stress tensor inversion with the fault slip data, we obtained a set of new data reflecting main features of modern tectonic stress field of the study area.
Active faults in the study area
Active faults in the study area are very well-developed. The eight major faults are shown in Figure 1 . Xiaojiang fault zone (F 1 ), which is the predominant fault in the area, starts from Qiaojia in the north, and runs along Jinshajiang and Xiaojiang river valleys to the vicinity of Jianshui-Gejiu in the south. It separates into two branch faults from south of Dongchuan, where extend almost parallelly before fanning out at the southern end. The fault zone can be divided into three segments: the northern segment north of Dongchuan (a simplex fault), the middle segment from Dongchuan to Tonghai-Huaning (western and eastern branch faults) and the southern segment from Huaning to Honghe fault (TANG et al, 2006) . Xiaojiang fault zone is a late Pleistocene-Holocene (Q 4 ) active fault, and is one of the most seismically active zones in China. Other faults in the area include Baiyi-Hengchong fault (F 2 ), Heilongtan-Guandu fault (F 3 ), Puduhe-Xishan Figure 1 Active faults in study region (According to YU et al, 2004) 1. Serial number of major fault; 2. Holocene active fault; 3. Late Pleistocene active fault; 4. Early-mid Pleistocene active fault; 5. Other fault; 6. Thrust fault; 7. Strike-slip fault; 8. Quaternary sediment; 9. Tertiary sediment; 10. Water system; 11.Measurement site fault (F 4 ) and Luoci-Yimen fault (F 5 ). These are all nearly SN-trending faults, along which develop such structures physiognomys as trough valleys, relic mountains and faulted river systems. The faults along the faulted rivers, characterized by sinistral slip, are mid-late Pleistocene (Q 3 ) active faults (YU et al, 2004) . Besides, there are the NW-trending Fumin-Chenggong fault (F 6 ) and Caopu-Mingyihe fault (F 7 ), and the NE-trending Yiduoyun-Dachunhe fault (F 8 ).
The orientations of major active faults in this area are correspondent with their movement modes. Most of the faults are high-angle, SN-trending, strike-slip faults. The SN-and NE-trending faults are mostly sinistral strike-slip faults, while the NW-trending ones are mostly dextral strike-slip faults. Besides the major faults, there are other active faults widely distributed in the study area: some intersect obliquely with, branch out from, or extend parallel to the major faults, and some are in an echelon arrangement, all with different configurations and scales. These faults and the major faults are organically combined, in one tectonic stress field.
Stress tensor inversion method with fault slip data
By this method, the tectonic stress tensor prompting tectonization is determined on the basis of fault slip resulting from latest tectonic motion, structural features from paleoearthquakes and surface rupture caused by earthquakes. The method turned conventional qualitative tectonic analysis to modern computerized quantitative analysis. The result obtained with this method represents latest tectonic disturbance of the upper crust, i.e., tectonic stress resulting from modern tectonic motion. Geologically speaking, the present day is part of the modern times, i.e., modern times involve the present day. Study reveals that modern tectonic stress field appears stable during certain geological periods (XIE et al, 1993 (XIE et al, , 2004 . At present, the stress tensor inversion method with fault slip data has been widely used in tectonic stress field analysis (Angelier, 1979; Etchcopar et al, 1981; Gaais et al, 2000; Garcia et al, 2002; Yamaji et al, 2006; XU et al, 1984; XIE et al, 1989 XIE et al, , 2001 ZHANG et al, 2006) .
With this method, the tectonic stress state in the areas where the faults lie is estimated on the basis of fault observation data which contain fault motion features. The essence of the method lies with the fitting of slip direction by the calculated shear stress direction on the section (hence it is also referred to as slip direction fitting method), which eventually yields four characteristic parameters of the stress tensor: three principal stress directions and one stress factor representing relative quantitative relation between the principal stresses R [R=(σ 2 −σ 3 )/(σ 1 −σ 3 )].
Fault striation observation
We carried out field investigation on a great number of active faults in the study area and conducted systematic survey on fault striation. The result shows that all fault striations are the results of fault slip since late Quaternary Period, because most of the faults directly dislocate the Quaternary strata and the striations are detected in the strata since the Quaternary Period. The other active faults clearly dislocate rivers, gullies, proluvial fans and river terraces, yet neither intact sections nor clear striations are likely to remain due to looseness of the dislocated matters. However, tracing along faults unveils new sections with clear striations at bedrock outcrops and the fault motion features reflected by striation correspond with geomorphic features of dislocation, therefore, it is obvious that the striations are the results of recent fault activities (XIE et al, 1994) .
In the field survey, we chose altogether 28 sites for fault striation measurement and acquired a total of 706 fault slip data. According to the trends of faults where the sites are located, the 22 sites reflecting modern tectonic stress field are divided into the following three groups.
Group 1: Measurement sites for SN-trending faults In the study area, HL1~HL3, PD1~PD5, BY1~BY4, LC1~LC2, XJ2~XJ3 and XJ5 are measurement sites for SN-trending faults. Among them, HL1~HL3 are located on Heilongtan-Guandu fault (F 3 ), PD1~PD5 on Puduhe-Xishan fault (F 4 ), BY1~BY4 on Baiyi-Hengchong fault (F 2 ), LC1~LC2 on Luoci-Yimen fault (F 5 ), XJ2~XJ3 and XJ5 on the middle segment of Xiaojiang fault (F 1 ) (Figure 1) .
The SN-trending faults strikes 350°~10°, with high dip angles and low, or nearly horizontal, striation rakes, indicating sinistral strike-slip fault motion. Most of the fault striations appear in recent strata, e.g. clear striations are observed on the section of late Pleistocene loess at Ciba (HL1 site) on Heilongtan fault ( Figure 2a) ; clear horizontal striations are found in the laterite (Q 3 ) at Yelianchang (PD2 site) on Puduhe-Xishan fault, suggesting sinistral horizontal motion ( Figure 2b) ; the Luoci-Yimen fault dislocated the gully by about 60 m at Dongcun as a result of its sinistral motion (Figure 2c ), and it vertically dislocated the loess by 2 m at Shuijiejing (PD3 site) where the section crops out (Figure 3 ).
Group 2: Measurement sites for NE-trending faults XJ1 and XJ4 measurement sites are located in the south of the middle segment of Xiaojiang fault (F 1 ), which strikes around 30°, with a high dip angle and low striation rake. Clear horizontal (Figure  2d ), indicating sinistral strike-slip fault motion. Most of the striations appear in recent strata, some on bedrock surface. YD1 site is located on Yiduoyun-Dachunhe fault (F 8 ), which has a relatively low dip angle.
Group 3: Measurement sites for WNW-trending faults CP1 site is located on Caopu-Mingyihe fault (F 7 ) and YL1 on Fumin-Chenggong fault (F 6 ), which strikes NW 330°, with a dip angle 60º~80º. At the outcrop of Fumin-Chenggong fault (YL1 site), laterite (Q 3 ) is found on one side of the fault while bedrock is found on the other, and clear striations can be seen on the smooth laterite surface. The small rake of the fault suggests its dextral strike-slip motion (Figure 4) . 
Calculation result
There are originally a total of 28 sites for field observation in this study, but two of them are excluded owing to their inadequate data which lead to great discrepancy between the results; another four are not taken into consideration because they provide samples of probably early structural features and the calculation results differ obviously from modern tectonic stress field. Results from the other 22 sites all reflect quite well the characteristics of stress field in the study area ( Figure 5 ; Table 1 ). Inversion result from each of the 22 sites presents a mean deviation angle between fault striation S and the fitted shear stress direction τ on the section (Table 1 ). The credibility of the fitted stress tensor can be determined by the mean deviation angle. It is generally believed that when the mean deviation angle between S and τ is smaller than 20°, the fitted stress tensor is reliable; when it is 20°~45°, the stress tensor is considered acceptable and when it is larger than 45°, the stress tensor is considered unacceptable (XIE et al, 1994) . In this study, the mean deviation angle is mostly 2°~20°, which can be regarded as desirable, however, at HL2, HL3 and XJ4 sites the stress tensor is merely acceptable.
The calculation results show that modern tectonic stress field in and around Kunming basin is characterized by NNW-SSE compression and ENE-WSW extension ( Figure 5 , Table 1 ). The maximum principal compressional stress (σ 1 ) is oriented 335º~2º, with an average dip angle of 21°; the minimum (σ 3 ) is oriented 44º~93º, with an average dip angle of 14°, and the intermediate (σ 2 ) has a relatively high dip angle. The stress regimes are all of strike slip and stress direction is hori-zontal. Statistics of the orientations of maximum compressional stress (σ 1 ) and minimum compressional stress (σ 1 ) (Figure 6) shows consistency of the calculation results, suggesting stable tectonic stress field of the study area since late Quaternary Period. 5 Discussion and conclusions 1) Using stress tensor inversion method with fault slip data, we determined the tectonic stress field in and around Kunming basin (Figure 7) . The result shows that the stress field in the study area is characterized by NNW-SSE compression, ENE-WSW extension, and strike-slip stress regimes. The maximum principal compressional stress (σ 1 ) is oriented 335º~2º, with an average dip angle of 21°; the minimum (σ 3 ) is oriented 44º~93º, with an average dip angle of 14°; the intermediate (σ 2 ) has a relatively high dip angle.
2) The tectonic stress field since late Quaternary Period determined by inversion with fault slip data is consistent with the modern stress field reflected by focal mechanism solutions (JIANG et al, 2003a) , suggesting stable tectonic stress field of the study area since late Quaternary Period.
3) The study area is located on the eastern Sichuan-Yunnan rhombic block and its formation of modern tectonic stress field is closely related to the uplifting of Qinghai-Tibet Plateau. The India plate moving north collided with the Eurasia plate, causing sharp uplift of the Qinghai-Tibet Plateau. As the process goes on, the Plateau continues to rise, causing lateral matter flow, which Figure 7 Tectonic stress field of the study area 1. Serial number of major fault; 2. Major fault zone; 3. Other fault; 4. Water system; 5. Orientation of principal compressional stress from fault slip data; 6. Orientation of principal compressional stress from focal mechanism solution (JIANG et al, 2003) then leads to the horizontal movement of crustal blocks around the Plateau. Under the action of this horizontal movement, the Sichuan-Yunnan rhombic block moves in SE-SSE direction, giving shape to the modern tectonic stress field.
